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Summary 
There has been a need for information on rates of performance 
of farm labor, power, and machinery for crop operations in east 
central South Dakota. Such information is of vital impmtance in com­
puting cost for farm planning and budgeting. 
'While there had been some studies on rates of performance in 
other states, the results were not applicable to South Dakota. Differ­
ent methods had been used in making these surveys, with the inter­
view method based on farm records and farmers' estimates being the 
most frequent. A study made in 1950 in the proposed Oahe irrigation 
area was considered inadequate for determining rates of perform­
ance because of many inconsistencies. 
The data presented here were based on a survey made in 1951. 
In making the survey, farmers were contacted and different field 
operations were timed for a period of 1 hour. Two hundred five 
schedules were taken in the proposed Oahe irrigation area of 1950. 
The data were tabulated and an equation developed by Burdick was 
used in calculating the rates of performance for different machines 
on different farming operations. These rates of performance were 
used in figuring labor, power, and fuel requirements for small grain 
and row crops on a per acre basis, with estimates made for irrigated 
as well as dryland conditions. 
vVhen the size of tractor and machine was held constant, it was 
found that speed and size of field were the two most influential 
factors in determining rates of performance. As the length of the field 
decreased, rates of performance decreased. The rate of travel was 
the most important factor in influencing rates of performance. 
In comparing requirements for raising comparable crops on 
dry land and irrigated land, it was found that it takes about three 
times as many man-hours to produce the crop under irrigation as it 
does to produce it on dryland. 
South Dakota agriculture is changing rapidly and as a result 
there will be some need for adjustments in the data as here presented. 
But since the data are presented in physical terms, they can be used 
with any level of prices in computing costs. 
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Farm Labo� Powe� 
and Machinery Performance 
IN �AST C�NTRAL SOUTH DAKOTA 
JA1vrns ULVILDEN and CHARLES H. BENRUD1 
lnt:rodudion 
The problems of the farm man­
ager are continuous. In attempting 
to maximize his income, he must 
constantly e x a m i n e alternative 
methods of production and combi­
nations of resources. As guides in 
making decisions as to these alter­
natives, he needs a vast amount of 
physical data on the costs as well as 
the returns of alternative plans. 
These data must be as realistic as 
possible if his farm plans are to be 
of maximum value. 
Knowledge of the costs involved 
in producing the various crops is 
basic to farm planning. To deter­
mine these costs, information on the 
labor, power, and machinery re­
quirements of each crop is essen­
tial. These requirements are made 
up of the totals for the individual 
operations necessary, such as plow­
ing, harrowing, seeding, and bar-
5 
vesting, which in turn are depend­
ent upon such factors as the size of 
machinery, size of field, and condi­
tion of soil. In a given area, a change 
from dryland to irrigation farming 
will usually bring about appreciable 
changes in one or more factors. 
In order to obtain data as to the 
labor, power, and machinery re­
quirements for crop production in 
east central South Dakota, a study 
was made in 1951 as part of a co­
operative project of the South Da­
kota Ag1icultural Experiment Sta­
tion and the Bureau of Reclamation, 
U. S. Department of Interior. 
As a result of this study, informa­
tion has been compiled concerning 
time and fuel requirements for 
'Former Graduate Research Assistant and As­
sistant Economist, South Dakota State College 
Agricultural Experiment Station. 
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most of the crops and cropping 
operations of east central South 
Dakota, using various sizes of 
equipment. This information can be 
used to make comparisons between 
alternative crops, methods of pro­
duction, tractor and machine1y 
sizes, and lengths of fields, as well 
as benveen owning a machine and 
hiring custom work. Since it is given 
in physical terms, it can be used 
with any set of prices to obtain 
monetaiy costs and relationships. 
'While the data are based on dry land 
conditions, estimates have also been 
made for irrigation. 
Hisi:orical Background 
Previous to the 1951 study, little 
information was available on labor, 
power, and machine1y rates of per­
formance for different farming oper­
ations in east central South Dakota. 
A study made by Hampson and 
Christopherson in 193 0 compared 
the performance of tractor and 
horse power in Potter County, using 
daily records kept by farrners.2 Most 
of its data have now been out of 
elate for some time, however, clue to 
changes in both power and machin­
e1y. 
In 1948 , Miller, Quentin, and 
George presented a study of the 
cost of operating machinery on Ne­
braska farms, based on farmers' 
estimates of the time spent in vari­
ous operations.'' Obviously, how­
ever, their accuracy could be no 
better than the estimates made by 
the farmers, who had kept no 
records. 
Burdick, in 1949, introduced a 
new technique of field crop labor 
analysis·'. 
In a study of labor and ma­
chinery requirements for various 
crops in Colorado, he shifted from 
analysis of historical crop data to a 
more theoretical general purpose 
analysis. This could be used more 
easily under changing conditions 
for forecasting the ef ects of these 
changes. His approach was to at­
tempt to analyze farm operations 
before they were pe1forrned, in­
stead of securing a record of actual 
hours for every operation after the 
work was done. The factors which 
received attention in the develop­
ment of the analysis were as fol­
lo,.,vs: 
l. Length of field 
2. Width of machine 
3 .  Speed of travel 
4. Time required for turns 
5. Soil and weather conditions 
6. Possibility of combining opera­
tions 
7. Service time required 
8 .  Unexpected breakage and de­
lays. 
'C. M. Hampson and Paul Chri,topherson, 
Trno01· and 1-lorse Power in tl,c IV /,wt Area 
of Soutl, Dal(ota, South Dakota State College 
Agricultura l Experiment Station Circular '6, 
BAE, USDA Cooperating, J 932. 
"Frank Miller, ct. al., Cost of Operating f\/a­
chinery 011 A:ebrn:d(n Farms, Nebraska Agri­
cultural Experiment Station Bulletin 391, 
19-18. 
·'R. T. Burdick, ;/ Neu, Tecl,niquc for Field 
Crop J_ahor Analysis, Colorado Agricultural 
Experiment Station, Tech. Bui. 36, June 19-19. 
Farm Labor, Po1J1er, and 1Vfacbi11ery Perfor111a11ce 7 
After a study of these factors 'vvas 
made, it was found that many of 
them could be measured. The equa­
tion used, together with Burdick's 
explanation, is as follows: 
8.25 ( 
T= SW 1+ 
In this equation, T is the hours per acre 
per operation for once over; S is the speed 
of travel in miles per hour; \•V is the effec­
tive width of the machine in Feet; L, is the 
length of the field in rods; N is the time 
required for turning at ends of a field ex­
pressed in fractions of a minute; and A is 
the over-all service and rest allowance 
expressed as a decimal. 
I I l R 8.25 n t 1e equation, t 1e ll'St term, SvV, 
gives the hours required to cover one acre 
when no allowance is made for turns or 
any delay. The process for development of 
this term was as follows: an acre of 
ground covers 43,560 square feet; a ma­
chine, 1 Foot wide, would go 8.25 miles 
to cover 1 acre. v\lith a speed of 1 mile 
per hour, it would also take 8.25 hours to 
cover the acre. This may be considered 
as the base or starting point. It is appar­
ent that a machine 2 feet wide, other 
things being equal, would cover the acre 
in half the time or 4.125 hours. It is also 
apparent that a speed of 2 miles per hour 
would cut the time in half. The hours for 
one-foot machines at 1 mile per hour, if 
divided by the product of speed and 
width, will give the hours For any combi­
nation of speed and width. Hence, the 
first term of the equation gives the straight 
time to which must be added the neces­
sary time for turns and other items which 
delay the work. 
16 SN The second term, - -- , gives the 
. 3L 
added time involved in turning around at 
the end of the field. This was secured as 
follows: a field 80 rods long was used as 
a base for this calculation. The one-foot 
machine is going 8.25 miles in an 80 rod 
field and will turn 33 times in covering 
an acre, which will require 33 minutes 
or 0.55 hour when turns require 1 minute 
each. This is 6 and % per cent of the 8.25 
hours required for straight work at a one­
mile speed. But 6 and % per cent is the 
same as 1/15. It is apparent that a Reid 
40 rods long would require twice the 
time for turns, compared to the 80 rod 
field. If a turn is made in )f minute, this 
would be one-half the time for one min­
ute turns. Speed works in an opposite 
manner. \�lith a 2 mile speed and no 
change in the time per turn, the time per 
acre for turns will be twice as large a 
percentage with the 1 mile speed. Brina­
ing all of the items together this ter�n 
reads: 
80 SN 
15L which reduces to 
It is necessary to acid the whole num­
ber l in the parenthesis so that the straight 
time can be multiplied by a rate which 
will include itself, plus the added time 
for turns. 
The third term in the equation intro­
duces the service allowance which is an 
over-all factor of safety, added to the 
combined time for straight work, plus 
time for turns. A covers all other items 
not otherwise identified. Again, the whole 
number is added to permit direct multi­
plication in the equation. 
The factors mentioned here will 
vaiy, depending upon the type of 
equipment used, and the operator 
will also cause variations. But these 
variations, if measured, can be used 
in making the calculations. The de­
velopment of this equation was a 
marked step forward in the study of 
labor and machine1y pe1formance, 
since it can be continuously adapt­
ed to technological changes in ag­
riculture. 
Burdick's results, however, as dis­
tinct from his method, could not be 
applied to east central South Da­
kota, since farming conditions vary 
considerably even behveen areas 
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within a state, and therefore almost 
certainly between states. Differ­
ences in climate, soil, topography, 
and community customs will cause 
variations in the types of crops 
grown and the operations and ma­
chines used. ,i\Thenever possible, 
data to be used in helping farm 
managers to make decisions should 
be based on conditions as similar as 
possible to those existing in the 
area in which they live. 
For these reasons, a random sam­
ple survey was taken in east central 
South Dakota in 1950 to obtain in­
formation on typical machines, se­
quence and number of operations, 
and rates of performance. This in­
formatic,m was obtained by inter­
viewing individual farmers, whose 
estimates provided the answers to 
the questions used in the survey. 
In this survey, the data gathered 
on typical machines and on se-
quence and number of operations 
were assumed to be accurate; but 
the information on rates of perform­
ance was not satisfactory. 
For example, the estimates of the 
average acres plowed per hour with 
a 3-14-inch plow and a 21 to 29 
horsepower tractor were lower than 
those for a 2-16-inch plow and a 
14-20 horsepower tractor. Likewise, 
for the harrowing operations the 
acreage per hour for a 20-foot har­
row was less than one-half that of a 
30-foot when the same size tractor 
"vas used on both implements. 
This was opposite to what should 
logically occur, since the larger im­
plement would normally decrease 
the speed of the tractor. As a result 
of these and other inconsistencies, 
the information on rates of perform­
ance obtained in the 1950 survev 
was not considered accurate enough 
for use in farm planning. 
Met:hods Used in t:he 1 95 1  St:udy 
While neither Burdick's results 
nor those of the 1950 survey pro­
vided the final answers as to labor 
and machinery performance in east 
central South Dakota, each had, 
nevertheless, made a definite con­
tribution. What remained was the 
need for accurate information on 
speeds used and time lost, in order 
to be able to calculate the rates of 
performance in question. 
To obtain this information, a sur­
vey was made in the summer of 
1951. Farmers were contacted in the 
area and different field operations 
were timed for a 1-hour period. 
The farmers included in the sur­
vey were selected at random as they 
were found carrying on the various 
operations. If, for example, the enu­
merator was seeking information on 
cultivating, he would drive along 
the road and whenever he came to 
someone cultivating corn he would 
stop and time the operation. This 
procedure was more satisfactory 
than selecting the farm in advance, 
because there was no way to know 
just when the operations would be 
carried on. 
Two hundred five schedules were 
taken in this area of east central 
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South Dakota in 1951. With the aid 
of a stop watch, information was 
obtained on ( 1 )  rate of speed, ( 2 )  
time lost per hour because of break­
downs and other stops, ( 3 )  time lost 
turning on ends, and ( 4 )  time for 
se1vicing before daily work was 
started. 
After the operations had been 
timed, the farmer was interviewed 
to obtain information on the size of 
the implement, the size of the trac­
tor, and the operating gear of the 
tractor. This information was ob­
tained for the following operations : 
plowing, harrowing, cultivating, 
mowing, swathing, and combining. 
Data obtained on these operations 
then were used in working out the 
information for most of the various 
field operations by means of Bur­
dick's equation. 
Information on performance un­
der proposed irrigated conditions 
was also calculated by using Bur­
dick's method. The data for the 
equation were based, in part, on the 
1951 survey, and also on previous 
studies on irrigation in other states. 
Sizes and types of machines used 
and the number of times over for 
different operations were based on 
studies of irrigation practices made 
in central Nebraska and the lower 
Yellowstone in 1950 by the Bureau 
of Agricultural Economics ( BAE ) 
in cooperation with South Dakota 
and North Dakota Agricultural Ex­
periment Stations. Standards set up 
by the Bureau of Reclamation for 
irrigation in the area were also used 
in some cases. 
No data on putting up hay were 
secured in the 1951 survey. Most of 
the data used in developing the re­
quirements for haying were based 
on previous studies made in other 
states. 
Performance for Selected Dryland Operations 
In presenting the estimates made 
regarding labor, power, and ma­
chinery for selected dryland opera­
tions, it is convenient to divide the 
data into three parts : ( 1 )  the fac­
tors affecting rates of perfonnance; 
( 2 )  the calculations that were made 
in determining rates of perform­
ance; and ( 3 )  a presentation of the 
total requirements per acre for 
small gains, corn, and hay. 
FACTORS AFFECTING 
RATES OF PERFORMANCE 
There are many factors influ­
encing rates of performance. Some 
of these factors are : size of field, 
size of machine and power, time 
lost turning on ends, time lost be­
cause of breakdowns and other de­
lays, and speed used. When the 
size of the machine and the tractor 
were held constant, it was found 
that speed and size of field were the 
two most influential factors. As the 
length of the field decreased, the 
rates of performance decreased rap­
idly. The rate of travel was probab­
ly the most important factor in in­
fluencing rates of performance. 
Rate of Travel. In the 1951 study, 
it was found that speeds ranged 
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from 3 miles per hour to 4 .5 mi les 
per hour, depending on the type of 
tractor being used and the field 
operation being performed. Infor­
mation on the Nebraska Tractor 
Tests shows speeds for the rated 
load for different makes of tractors 
varying from 3 to 5 mi les per hour." 
However, for the tractor most com­
mon in the area studied, the speed 
for the rated load is approximately 
4 miles per hour. 
The survey on speed indicates 
that when the tractor is operating at 
the rated load, the rate of travel on 
the actual field operation is s imilar 
to the speed found in the Nebraska 
tractor test. 
There is a slight increase in speed 
for some field operations which re­
quire considerably less power than 
the power required for the rated 
load. On the other hand, the speed 
decreases for s o m e operations 
which have other l imitations on 
speed besides power; for example, 
the first cultivation of corn. 
The speeds that vvere obtained 
for the different field operations in 
the 1951 survey are shown in table 1. 
Time Lost per Hour. It was found 
that for most field operations the 
time lost per hour was about 5 min­
utes. There were, however, opera­
tions in which more time was lost 
per hour. They were operations 
such as drilljng and combining 
grain and planting and picking corn. 
These operations required more 
time because it was necessary to 
make more stops for such things as 
putting seed in the drill and corn in 
the planter. Speed was a limiting 
factor in all of these operations. 
S izes and Types of Machi nes. Be­
fore rates of performance can be 
calculated, it is necessary to know 
something about the s izes and types 
of machines and power used in  the 
area. The sizes of the most common 
tractors and implements on farms 
in east central South Dakota were 
used. This information was ob­
tained from the random sample sur­
vey taken in 1950. 
Sizes of the most common trac­
tors and implements on farn1s in  
east central South Dakota are 
shown in table 2. 
A range in size was reported for 
most implements, but, as shown in  
the table, there is a tendency for 
one or two sizes to predominate. 
For example, nearly one-half of the 
plows in the area were 3-14-inch; 
one-fourth were 2-14-inch; and all 
other sizes combined accounted for 
only one-fourth . 
Data were also gathered regard-
Table I .  Rates of Travel and Time Lost for 
Dryland Operations Timed in East Central 
South Dakota, 1 9 5 1  
Opcr;ition 
Total 
C:1scs 
Plu,ving -------------------------- 33 
Harrowing -·········---------- 6 
Cult i,·at ing 
1 st time -------------------- -12 
2 ncl time ---------- - - -------- 5 1  
3 rd t ime ----- J O  
Swathing GrCJ in  __ _________ 2 1  
Combining ( ,c l(  prop_) 3 8  
Mowing ---------··· ··---- -- -- -+ 
Av. 
Speed 
(MPH) 
4.0 
-l.5 
3 .5 
·LO 
-l .5  
-1 .5 
3 . 5  
-1 . 5 
Av. Time 
Lost 
Per Hr. 
(M in.)* 
4.8 
.J.7 
5 .5 
5 .3 
5 .0  
-1 .5  
1 0.2 
-1 .6 
•For the c:1lcub1ion� nude in tables. a l l  figures on 
an:r:1ge t ime \(JSt per hour were roundnl off :ll 5.0 
minutes. cxccpt for combining. :rnd the :l\'er:ige time 
Jost here per hour was rounckd ofT at 10.0 minutes.  
''The Nf'hra;l,a Traclor TN/_,- and S11pple111e111, 
'Jchraska Agricu l tural E,pcrimcnt Station 
Bul letin 397, Janu:in· 1 950 .  
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Table 2 .  Percentage Distribution of  Tractors and  Implements on Sample Farms 
East Cemral South Dakota ( 19;0) * 
Kind and Size 
of Trnctor or 
Implement 
Tractor DBI-I P  
Farms 
Reporting 
Percent 
Less than J 6________________________ 1 4  
1 6-?? ----------------------------------- 65 
Over 22 -------·---------------------· 2 1  
Plow 
2 - 1 4 "  
2 - 1 6" 
3 - l i "  
Others 
Disk (s ingle) 
24 
------·----------- 1 6  
---------------------------- 49 
I I  
J O' --------------------------------------- 42 
1 5 ' ---------------------------------------- 3? 
Others ------------------------·--·-------- 2 G 
Harrow 
20' ---------------- ·----- --·------··----· 27 
25' ---------·- ----------------- . 40 
30' ---- ----- ---------··-·----··---·-···-- 2 1  
Others -----·--··-----·-···-·-·--··-·-·· 1 2  
Dr i l l  
J O' 
J I ' 
r -·--··---------------------------------· _/
--------------------------------------- 3 5  
1 2 ' --------------------------------------· 1 8  
1 4 ' ·----------------------- 1 6  
Others 
Kind and Size 
of Trnctor or 
Implement 
F:1rms 
Report ing 
Percent 
--------------------------· 68 
Corn Planter 
2 -Rmv 
4-Row 
Others 
--------------------------------- 28 
4 
Corn Cul ti,·ator 
2 -Row -----------·--------------------- 92 
Others ---------------------------------- 8 
Corn Pickers 
1 -Row 
2-Row 
?v[owcr 
-----------------------·-- i3 
27 
5' ------------------------------- 1 1  
6' ----- ------------·----·--·---------------- 26 
i' --------··-··· ·--·----------------- 63 
Swather 
1 2 ' ·--------------·-·---------· 60 
1 5 '  ---·-·---·-- --------------------------- 1 4  
Other, -----------------·---------------· 26 
Combine 
5' ---------------·-··-------------·· 29 
6' ---·-- ------------------ 4 1  
1 2 ' ------ --- --··---··---··--------------- 20 
Other, --------------··-·---------------· 1 0 
*\\'here i nipkmt:nts of :1 panicul:ir sizr.: did not const i l ll lC at k:ist JO pcrccrH uf all sizes. these implcmcms were 
i ncluded in the · ·others· · citcgory. 
ing the size tractor used on til lage 
implements of various sizes. This 
information is presented in table 3. 
The information indicates the 
power and machinery preference in  
the east central South Dakota area. 
Conditions of soil and topography 
influence the power requirements a 
great deal. In this area tractors rang­
ing from 16 to 22 drawbar horse­
power ( DBHP ) ,  ,vh ich are com­
monly referred to as 2-plow tractors 
in the Corn Belt, are used more fre­
quently on 3-bottom plows than are 
Table 3. Percentage Distribution of Size of 
Tractor U�cd en Tillage Implements of Various 
Sizes on Sample Farms 
Size of Tr:1ctor Used 
Type :rnd Size 
of lmplcmcn1s 
Tot:il Lcss Tlt:111 16·22 O\'cr 22 
Cnscs 1 6  DBHP DBI-IP DBHP 
% 
Plow 
2 - 1 4 "  ------- - ------ 1 8  6 
2 - 1 6" ·-- ---------- 1 3  23 
3- 1 4 "  ---------------- 56 2 
l bk 
J U' _ --··----- ··-·-·-- 1 8  
1 5 ' 2 1  
Harrow 
20' 
25 '  
30 '  --
1 7  
5-l 
27 
6 
6 
4 
., % /o 
83 l l 
77 
60 38  
88 1 2  
5 7  3 8  
8 2  1 2  
63 3 1  
37 59 
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the larger tractors. It was also 
shown that the smaller tractors were 
used on the large disks and harrows 
which usually require larger trac­
tors. 
The most common tractor size in 
this area falls in the 16 to 22 draw­
bar horsepower range. This particu­
lar size tractor is the most common 
on all sizes of farms, as shown in 
table 4. From the evidence pre­
sented, it appears that when acre­
age increases, the size of tractor 
does not necessarily increase, but 
another tractor of the same size is 
added. 
Effective Width. There are a mun­
ber of operations where the entire 
width of the machine is not used 
at all times. This may vary, depend­
ing on the operator, but it is a factor 
that must be considered when figur­
ing rates of performance. For. such 
operations as disking, harrowing, 
drilling, swathing, raking, and 
Table 4. Percentage Distribution of Number 
and Size of Tractors per Farm by Number of 
Acres in Cropland 
Acres of Cropland 
Number and Size of 
Tractors per Farm 
Less Than 2;0 to Over 
2;0 A. ;oo A. ;oo A. 
"/, "/, "/, 
Percentage of farms with 
one tractor ---------------------- 92 60 6 
Percentage of farms with 
two tractors -------------------- 8 40 94 
Percentage of farms with : 
One tractor of less than 
16 DBHP -------------------- 8 7 
One tractor with 1 6-22 
DBHP -------------------------- 80 40 6 
One tractor with more 
than 22 DBHP ___________ 4 1 3  
Two tractors, both less 
than 22 DBHP ____________ 8 3 1  56  
Two tractors, one less 
than 22 and one over 
22 DBHP ------------------- ---- 6 25  
Two tractors, both over 
22 DBHP -------------------- ---- 3 1 3  
mowing there will be  some overlap. 
This will not be true for row crops 
where, because of the nature of the 
operation, the full width of a ma­
chine will be used and no overlap 
will be possible. 
In making the calculations on 
rates of performance, the effective 
widths of these machines where 
overlap exists were considered to be 
95 percent of the actual width of 
the machine. 
Length of Field. Information was 
not obtained on the typical lengths 
of fields in this area. It is known 
that as the length of field decreases, 
the rates of performance become 
less because of the time lost turning 
on ends. The time required to cover 
an acre of land increases as the 
fields become smaller, assuming all 
other conditions affecting rates of 
performance are the same. 
In this study, for purposes of cal­
culating rates of performance for 
dryland conditions, all fields were 
assumed to be 80 rods long. 
The differences in rates of per­
formance resulting from fields of 
different lengths appear in table 5. 
Fuel Consumption Rates. The 
estimated fuel consumption was 
based on the Nebraska tractor tests 
Table 5. Comparison of Rates of Performance 
for Different Length Fields 
Length Min. 
Implement Field Speed Lost Hrs. 
Kinci Size (Rods) (MPH) Per Hr. Per A.* 
Plow -------- 3 - 1 4 "  1 60 4.0 5 .67 
Plow -------- 3 - 1 4 "  80 4.0 5 .70 
Plow -------- 3 - 14"  40  4.0 5 .76 
Plow -------- 3- 1 4 "  20  4.0 5 .87 
•20 seconds :i.llowed for turning on ends. These :ire 
c:ilculated rates using Burdick"s cqu:ition and d:11:i. 
from the 195 1  .survey. 
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of 1950. It was assumed that the 
tractors were not quite as efficient 
on the farm as they were when the 
experts were handling them in the 
Nebraska tests. To allow for faulty 
adjustment and normal wear, 10 
percent was added to the Nebraska 
tractor test requirements in calcu­
lating these fuel consumption rates. 
Fuel consumption of the tractors 
varied with drawbar horsepower 
ratings. Therefore, the average fuel 
consumption for tractors in the 16 
to 22 DBHP range was used. 
Fuel consumption for engines on 
combines and balers was, in most 
cases, comparable to that for tractor 
engines ; therefore, the Nebraska 
tractor tests fuel consumption rates 
were also used for these engines. 
Another factor that entered into 
the calculation of fuel consumption 
was the load each operation placed 
on the tractor. The fuel consump­
tion in the Nebraska tractor test 
was based on full load. Some opera­
tions, such as plowing and disking, 
may place a full load upon the trac­
tor used. Others, such as mowing, 
may place only 10 percent of full 
load on the tractor. 
As fuel requirements are based 
on the load placed on the tractor, 
it was necessaiy to find some basis 
for determining the percentage of 
full load placed upon the tractor by 
different field operations. H. P. 
Bateman, in a study in Illinois, 
found a relationship between fuel 
consumption and load placed on the 
tractor. His findings are shown in 
table 6. 
The information in this table was 
used in estimating the fuel con­
sumption presented in tables 7 and 
8. The percentage changes were 
applied to the full load require­
ments given in the Nebraska trac­
tor tests to determine the fuel re­
quirements for different operations. 
CALCULATIONS OF RATES 
OF PERFORMANCE 
Using this information on factors 
influencing rates of performance, 
the next step was to calculate the 
rates of performance. In calculating 
the rates of performance, there were 
t\vo size groupings of tractors used. 
The most popular size, as shown in 
table 4, was 16 to 22 DBHP. This 
grouping was used in the calcula­
tions shown in table 7. 
Another grouping, 23 to 27 
DBHP, was also used to take care 
of the tractors not included in the 
first grouping. These calculations 
are shown in table 8. 
REQUIREMENTS PER ACRE FOR 
SMALL GRAIN, CORN, AND HAY 
For purposes of budgeting it was 
felt that it would be more conven­
ient if the total labor and fuel re­
quirements per acre were presented 
Table 6. Relationship Between Fuel Consump­
tion and Load Placed on Tractor 
Gals. Fuel as 
% of Fuel Per % of 
Operation Full Lo.id Hr. Full Load 
Tandem Disk-Plowing .. J OO 2.85 1 00 
Plowing -·--------·--------------- 80 2.50 87 
1-Iarrow -------------·----------- 50 2 . 1 6 75 
Dri l l  -------------------------------- 40 1 .92 67 
Cul tivator 2-row ------------ 30 1.85 64 
Cul tivator 2nd & 3rd ..... 20 1 .72 60 
Mowing -·----------------------- 1 0  1 .34 47 
Corn Picking ----------------- 40 1 .96 68 
Source: H .  P .  B;i.teman. "Effc.:ct of Ful l  Lo:id on Farm 
�lachinc Operating Economics, ' '  Agriculwral Engin­
c,·ring, 24 : 1 1 1 - 1 1 4 ,  April 1943. 
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for sma ll grai ns, corn , a nd hay. 
In se tti ng up the la bor a nd f ue l  
req uir em ents on a per a cr e  ba si s, i t  
wa s necessar y to k now the num ber 
of time s ea ch opera ti on wa s per ­
f orm ed for i ndivid ua l  cr ops. Thi s 
i nf orma ti on wa s ta ken fr om the 
1950 sur vey . 
Smal l  Gra in .  The opera ti ons f or 
a ll sma ll gra i ns were somew ha t  sim-
i lar; ther ef or e, no breakd ow ns w ere 
mad e f or such cro ps a s  oa ts, bar ley , 
a nd w hea t. The ca lcula ti ons mad e 
r epr esent r eq uireme nts f or sma ll 
grai n  cr ops under differ ent condi ­
ti ons. 
Accordi ng to da ta ga ther ed ,  ther e 
seem ed to be a si za ble am ount of 
both spri ng a nd fa ll plowi ng i n  cen­
tra l  South Dak ota . Thus, ca lcula-
Table 7. Estimated Rate of Performance and Fuel Consumption for Dryland Field Operations With 
Tractors Ranging From 1 6-22 in Drawbar Horsepower, East Central South Dakota 
Implement 
Kind Size 
Plow ...... ............. .................. ...... 2 · I -I "  
PIO\\' ----------------·-··--··--- · · ··············- 2 - 1 6
11 
Pio"' ...................... ... ................. 3 - 1 -J '' 
Di,k (s ;ngle) 
Disk ( ,ingle) 
Di,k (s ingle) 
Harrnw 
Harrow 
Harro\v 
Dri l l  
Dri l l  
Dr i l l  
J O' 
1 2 '  
1 5 ' 
20' 
25 ' 
30' 
I O' 
I J ' 
1 2 ' 
Corn Planter ------------···-····-------- ---- 2 -ro,v 
Corn Planter .............. ................. -I -row 
Cult in,tor ........... ..... ...... . 
I ,t t ime ......... ..... ....... .. .. . 
2nd t ime .............. . 
3rd lllllC 
Corn Picker 
Corn Picker 
2-row 
I - row 
2 -row 
Combine ..... ..... 6' ( I 2'  swath ) 
Swather 
Swather 
Swather 
Nlnwer -------------·--------···---------------·-
Mu,ver ....................................... . 
J O' 
1 2 ' 
I 5 '  
6' 
7 '  
Side DcliYen· Rake ................... 7'  swath 
Side Dcli1-cri· R:ike ............ . . .... 8 '  swath 
Min. Tr:1ctor Gals. Gals. 
Speed Lost Hrs. Per Fuel Fuel 
(i\·IPH) Per Hr. A.* P('r 1-Ir.f Per A. 
- 1 .U 
-1.0 
-1 .0 
-1 .0 
-1.0 
-1 .0 
-1.5 
-1 .5  
-1.5 
-1 .0 
- 1 .0 
-1.0 
-1 .0 
-1 .0 
3 .5 
- 1 .0 
-1 .5 
3 .0 
3 .0  
2 .5 
4 .5  
-1 .5 
-1.5 
-1 .5 
-1.5 
-1 .5  
-1.5 
5 
5 
5 
5 
5 
5 
5 
J O 
J O 
1 0  
1 5  
I 5 
5 
5 
1 5  
1 5  
1 0  
5 
5 
5 
5 
5 
5 
I . J O 
1 .00 
.70 
.2-1 
.2 I 
. I 7 
. I O  
.08 
.07 
.27 
.2-1 
.23 
.-13 
.2 1 
.38 
.3 -1 
.3 I 
1 .2 
.5 5 
.39 
.2-1 
.20 
.I 6 
.-I I 
.35 
.35 
.30 
I .9 
2.0 
2. I 
1 . 7 
1 . 7 
I . 8  
I . 7  
I . 7  
I . 8  
I . 5  
I . 5  
I .5 
I .5 
1 . 5 
1 .5 
I . 5  
I .5  
1 .5 
I .5 
3 .0 
1 . -1 
1 . -1 
I .4 
1 .0 
1 .0 
1 .0 
1 .0 
2 .09 
2 .00 
1 .50 
-�  I 
.36 
.3  I 
. 1 7  
. 1 -1 
. 1 3  
.-10 
.36 
.3-1 
.65 
.3 I 
. 5 8  
. 52  
.-17 
1 .80 
.83 
1 .20 
.3-1 
.28 
.22 
.-I I 
.35 
.35 
.30 
-.20 !iCconcb a l lowed for turning on ends .  Length of fidd-80 rot!-". 
1 Fuel rcquin ..·n�cnts h.,scd on '.'\'chr.1sk:1 tr.u:1ur t i:sts plus JO pt:rccnt for fau l t y  :idjustmcnts :111d normal wc:tr. 
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Table 8.  Estimated Rate of Performance and Fuel Consumption for Dryland Field Operations With 
Tractors Ranging From 23-27 in Drawbar Horsepower, East Central South Dakota 
)[in.  Tractor Gals. G:ils. 
Implement Speed Lost Hr�. Per Fuel Fuel 
Kind Size (MPH) Per Hr. A.* Per Hr Per A. 
Plow --------- - - ------------------------------- - 3- 1 -l "  -l.O 5 .70 2 .5  .75 
Disk ( si ngle) I O' -l .O 5 .2 -l 2 .2  .53 
Disk ( si ngle) --------------------------- 1 2 ' -l .O 5 .2 1 2 . 2  . -16  
Disk (si ngle) ] 5 ' -l .O  5 . 1 7  ? 0 .39 -------------------------- - - , J  
l-larrow --------------- ·------------- 20' -l.5 5 . I O  2 .0 .20 
Harrow r' -------------- -- ------ ---------------- _ )  -l .5  . OR  2 .0 . 1 7  
Harro,v ----------- -- ·- · 30'  -l.5 .07 2.0 . 1 -l  
Dri l l  1 0' -l .O 1 0  r 1 .8 . -19 ----------------------- --------- - - ------ , _ /
Dri l l  - ------------------------- I I '  -l .O 1 0  .2 -l 1 . 8 .-13 
Dri l l 1 2 '  -l.O J O  r 1 . 8 . -l l  -- ·------------- , - J  
Corn Planter 2 -row - l .O  1 5  J '  1 . 8  . 78  ----------- --------- ' • J 
Corn Planter - - --------------- --------- -- -l -row -l.O ] 5  .2 1 1 . 8 .38 
Culri,·ator -------------------·------------ 2-row 
1 st time ----------------------- ---------- - 3 .5  5 .38  1 . 8 .69 
2nd time --------------------- -- ----------- 4.0 5 .3 -l 1 .8 .62 
3rd time -------------------- ------------ 4.5 5 .3 1 1 . 8 . 56  
Corn Picker ------------------------------ 1-row 3 .0  1 5  1 .2 l . 8  2 .0 
Corn Picker - - ---- - --- --------- 2-row 3 .0  1 5  .55 1 . 8 1 .0 
Combine --------- ___ 1 2 ' sel f prop. 3 .5  1 0  .22 3.7 .82 
Swather -------- --------- l O' -l.5 .2 -l 1 .6 .38 
Swather ---------···---- J 2 '  -l . 5  . 2 0  1 .6 .32 
S,vathcr ------------ - - ------------------ 1 5 ' -l .5  5 . 1 6  1 .6 .26 
Mower -----·------ ------------------------------ 6' -l . 5 5 .-l l  1 .3 . 53  
1'.1owcr -- ------------------ ---------------------- 7' -l.5 5 .35 1 . 3 .-16 
Side Dcl i ,·cn· Rak c ____________________ 7 '  swath -l . 5  5 .35 1 .3 . -16 
Side Del i,·cry Rake __________________ 8' swath -l .5  5 .30 1 .3 .-JO 
*20 seconds a l lowed for turning on ends. Length of field-SO rods. 
i+ucl requirements based on ;\cbrask:1 1r:1ctor tests plus 1 0  percent for faulty adjustments :1nd norm:11 wear. 
Table 9. Labor and Fuel Requirements for Small Grain Following Corn in East Central 
South Dakota (Tractor Size, 1 6-22 Drawbar Horsepower) 
Total Tot:d Tot:11 
Implements Times Tractor Hrs. G:ils. r-uel i\fan-Hrs. 
K i n d  Size Over Per A .  Per  A .  Per  A .  
Di,k (s ingle) 1 2 ' 2 . - 12 .72 . -l-l 
Harrow ----- r' I .08 . 1 -l .09 ----------------- ---- _ )  
Dri l l  -------- -------- ------- ------ 1 2 ' ? "  .3 -l .2i , _ J  
Sw�1th ing 1 2 ' .20 .28 .2 1 
Combine - ------- 6' ( 1 2 '  ,warh) .39 1 . 20 . -1 5 
Totals -- --------- - - ------------------------ -- ----- 1 .32 2 . 68 J . -13 
Source:: T:il·lc 7. 
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Table 10. Labor and Fuel Requirements for Small Grain on Fall Plowing in East Central 
South Dakota (Tractor Size, 16-22 Drawbar Horsepower) 
Implcmcnls 
Kind Size 
Plow 2 - 1 6" 
Disk (single) .................... 1 2 ' 
Harrow ---·------------------------ 25 ' 
Drill ·-································ 1 2 '  
Swathing .......................... 1 2 '  
Combine .............. 6 '  ( 1 2 ' swath) 
Totals 
Total Total Tomi 
Times Tractor Hrs. Gals. Fuel Man-Hrs. 
Over Per A .  
l .00 
.2 1 
.08 
.23 
.20 
.39 
2. 1 1  
Per A. 
2.00 
.36 
. H  
.34 
.28 
1 .20 
4 .32 
Per  A .  
1 .05 
.22 
.09 
.24 
. 2 1  
.45 
2 .26 
Source: Table 7. 
Tatble 1 1 .  Labor, Fuel Requirements for Small Grain on Spring Plowing in East Central 
South Dakota (Tractor Size, 1 6-22 Drawbar Horsepower) 
Implement 
Kind 
Plow 
Harrow ........................... . 
Drill ··························-······· 
Size 
2 - 1 6" 
25 '  
12 '  
Swathing ···-····················· 1 2' 
Combine .............. 6' ( 1 2 ' swath) 
Totals 
Source: Table 7.  
Total Total Total 
Times Tractor Hrs. Gals. Fuel Man-Hrs. 
Over Per A. 
1 .00 
2 . 1 6  
.23 
.20 
.39 
1 .98 
Per A. 
1 .80 
.28 
.34 
.28 
1.20 
3.90 
Per A. 
1 .05 
. 1 8  
.24 
.2 1 
.45 
2 . 1 3  
Table 12. Labor and Fuel Requirements for Small Grain o n  Fall Plowing i n  East Central 
South Dakota (Tractor Size, 23-27 Drawbar Horsepower) 
Implement 
Kind 
Plow 
Disk (single) ................... . 
Harrow ···························-
Dril l ................................. . 
Size 
3 - 1 4 "  
1 5 '  
30' 
1 2' 
Swathing .......................... 1 2 '  
Combine .................. 1 2 '  sel f prop. 
Totals 
Source: Table 8. 
Total Total Total 
Times Tractor Hrs. Gals. Fuel Man-Hrs. 
Over Per A. 
.70 
. 1 7  
.07 
.23 
.20 
.22 
1 .59 
Per  A.  
1 .75 
.39 
.H 
.4 1 
.32 
.82 
3.83 
Per A. 
.80 
. 1 8  
.08 
.24 
. 2 1  
.25 
1 .76 
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Table 13.  Labor and Fuel Requirements for Small Grain on Spring Plowing in East Central 
South Dakota (Tractor Size, 23-27 Drawbar Horsepower) 
lmplcment 
Kind 
Plow 
Harrow ___ : _______________________ _ 
Size 
3 - 1 4 "  
30' 
Dri l l  ---------------------------------- 1 2 ' 
Swathing ----------------------- 1 2 ' 
Combine __________________ 1 2 '  self prop. 
Totals 
Source: Table 8. 
Total Total Total 
Times Tractor Hrs. Gals. Fuel Man-Hrs. 
0\'Cf 
1 
2 
Per A .  
.70 
. 1 4  
.23 
.20 
.22 
1 .49 
Per A.  Per  A.  
1 .75 .80 
.28 . 1 6  
.4 1 .24 
.32 .2 1 
.82 .25 
3.58 1 .66 
Table 14. Labor and Fuel Requirements for Small Grain Following Corn in East Central 
South Dakota (Tractor Size, 23-27 Drawbar Horsepower) 
Implement 
Kind 
Disk 
Harrow ------------ - --------------
Dri l l  --------------- - ----------------
Size 
1 5 '  
30' 
1 2 ' 
Swathing --------------------------- 1 2 '  
Combine ________________ !2 '  sdf prop. 
Totals 
Source: Table 8. 
Total Total Total 
Times Tractor Hrs. Gals. Fuel Man-Hrs. 
Over 
2 
Per A .  
.34 
.07 
.23 
.20 
.22 
1.06 
Per A. 
.78 
. 1 4  
.4 1 
.32 
.82 
2 .47  
P e r  A .  
.36 
.08 
.24 
.2 1 
.25 
1 . 1 4 
17 
Table 15. Labor, Fuel Requirements for Com on Spring Plowing in East Central South Dakota 
(Tractor Size, 16-22 Drawbar Horsepower) 
Implement 
Kind 
Plow 
Harrow -----------------------------
Corn Planter 
Size 
2 - 1 6" 
25 '  
2-row 
Cultivator _________________________ 2-row 
! s t  time ------------------------
2nd time 
3rd time 
Corn Picker --------------------- 2-row 
Totals 
Source: Table 7. 
Total Total Total 
Times Tractor Hrs. Gals. Fuel 1'fan-Hrs. 
Over 
2 
Per A. 
1 .00 
. 1 6  
.43 
.38 
.34 
.3 1 
.55 
3 . 1 7  
Per A. Per A. 
2.00 1 .05 
.28 . 1 8  
.65 .45 
.58 .40 
.52 .36 
.47 .32 
.83 .63 
5.33 3.39 
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Table 1 6. Labor and Fuel Requirements for Corn on Fall Plowing in East Central South Dakota 
(Tractor Size, 1 6-22 Drawbar Horsepower) 
Implement 
K ind Size 
Plow 2 - 1 6 " 
Disk ( single) -·---··--···- ·· · 1 2 '  
Times 
o,,cr 
Total 
Tractor Hrs. 
Per A. 
1 . 00 
.2 1 
Total Total 
Gals. Fuel :\Ian-Hrs. 
Per A. Per A. 
2 .00 I .U:i 
. 36 .22 
Harrow -·····-·······-·······----·- 25 '  2 . l  6 .28 . I  
Corn Planter ····-·-···-···-·--·- 2 -row 
Cul ti,·ator 
} :,.t t ime ·-----------------------
2nd time --------·----······-· 
3rd time -------------·--· _____ _ 
2-row 
Corn Picker --------------------- 2 -ro,v 
.-13 
.38 
.34 
.3 1 
55  
.65 
.58 
.52 
.47 
.83 
.-15 
.-10 
.36 
.32 
.63 
Tota I s  ······-····--··---··-·--------·-·--·---···---·--····-·····-··- 3 .3 8 5 .69 3 . 6 1  
Source: Tahlc 7 .  
ti ons we re made f or sma ll g rai n on 
be th spri ng a nd fa ll plowi ng .  Also, 
ca lc ula ti ons we re made f or sma ll 
grai ns fo llowi ng c orn. It req ui re s  
m ore lab or a nd fue l to rai se sma ll 
g ra i ns on fa ll plowi ng tha n ei the r 
s pri ng plowi ng or c orn g round. 
T he se di ffe re nce s a re show n i n  
tab le s  9 throug h 14. 
Corn. Simi la r  ca lc ula ti ons we re 
made for c orn. It wa s f ound tha t 
the trac tor hours a nd ma n hour s pe r 
ac re we re la rge r he re on fa ll plow ­
i ng beca use of the i nc rea sed num ­
be r of ope ra ti ons nece ssa ry in 
pre pa ri ng the seed bed. 
T he lab or a nd fue l  req ui reme nts 
for c orn a re give n i n  tab le s  15 a nd 
16 fo r trac tors i n  the 16 to 22 DBI-IP 
ra nge a nd tab le s 17 a nd 18 f or the 
trac tors i n  the 23 to 27 DBI-IP ra nge . 
Forage Ha rvesting .  Si nce c om ­
ple te i nforma ti on on hayi ng ope ra ­
tio ns wa s not sec ured d ur i ng the 
s urve y  of 1 95 1, a la rge pa rt of the 
powe r a nd mac hi ne ry req ui reme nts 
fo r ha yi ng had to be sec ured f rom 
othe r studie s ( see f ootnote s to 
tab le 1 9) .  
Beca use the yie ld of hay pe r ac re 
va rie s, not only a nnua lly, b ut by 
c utti ng s, i t  wa s be lie ved be st to 
pre pa re e stima te s  f or three diffe r­
e nt yie ld s  pe r c utti ng, name ly, )� 
ton, 1 ton, a nd 2 tons. 
Lab or e stima te s  we re pre pa red 
f or the b uc kstac ke r, the a utoma tic 
round ba le r, the a utoma tic sq ua re 
ba le r  ( one ma n) ,  a nd the fie ld 
c hoppe r.0 
T he time requi red to ha ul a nd 
store ba les a nd si lage ( or c hopped 
ha y) wa s e stima ted se pa ra te ly f rom 
the ba li ng or c hoppi ng . T hi s  pe r­
mi ts adj ustme nt f or suc h thi ng s  a s  
the me thod of ha nd li ng the ba le s  
a nd di sta nce hau led . T he ha ul wa s 
a ssumed to be one- ha lf m i le f or 
wag ons a nd b uc kstac ke r. 
T he ma n a nd trac tor lab or re ­
q ui red fo r ha uli ng the ha y or silage 
0Hccausc of the current in tcrc�t in  grass silage 
the data arc presented for cnsiling the hay 
from the wind row. However, the data pre­
sented in USDA Circu lar 868 ind icate that 
this data Gin a lso be used for chopped hay 
with sl ight adj ustment. Only 0 . 1  hour or 6 
minute� more time were required per ton for 
the si lage as compared to the ha\". 
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Table 1 7 .  Labor and Fuel Requirements for Corn o n  Spring Plowing in East Central Scuth Dakota 
(Tractcr Size, 23-27 Drawbar Horsepower) 
Implement 
Kind Size 
Plow 3 - 1 4 "  
Harrow ................ 30' 
Corn Planter ............. -...... 2-row 
Culti,·ator 
1 st t ime ...................... .. 
2nd time 
3rd time 
Corn Picker 
Totals 
Source: T:iblc 8.  
2- row 
Total 
Times Tractor Hrs. 
0\'Cf Per A .  
. 70  
2 . 1 4  
.43 
.38 
.34 
.3 1 
.55 
us 
Total Total 
G:1ls. Fuel Man-Hrs. 
Per A. Per A. 
1 .75 .80 
.28 . I 6 
.78 .45 
.69 .40 
.62 .36 
.56 .32 
1 .00 .63 
5 .68 3 .  ! 2 
Table 1 8 .  Labor and Fuel Requirements for Corn on Fall Plowing in East Central South Dakota 
(Tractor Size, 23-27 Drawba c Horsepcwer) 
Source 
Total Total To1:1l 
Implement Times Tracrnr Hrs. Gals. Fuel J\fan-Hrs. 
Kind Size Over Per A. Per A. Per A. 
Plow ---------------------------------- 3- 1 4 "  .70 1 . 75  .80 
Disk (single) ------- ---- ------ ] 5 '  . 1 7  .39 . 1 8  
Harrow · ··--·------------- 30' 2 . H  .28 . 1 6  
Corn Planter -------------------- 2-row .43 .78 .45  
Cul t ivator ---- -------------- - ----- 2-row 
! st time ------------------------ .3 8 .69 .40 
2nd time ---------------------- .34  .62 .36 
3rd time ------------------------ .3 1 .56 .32 
Corn Picker ---------------------- 2- row .55 1 .00 .63 
Tora l s  3.02 6.07 3 .30 
T:t\Jle 8. 
Table 1 9. Man-Hours of Labor Per Ton of Forage Harvested and Stored 
According to Various Field Studies 
Bales Silage* 
Source 
Buck­
stackcr.\ 
USDA Circ. 868 -1 .......... ........................ -... . 1 .0 
Idaho Circ. 1 20:( .......................................... 0.7 
I l l .  Farm Econ. 2 1 6§ .................................. .. 
f lata um! in  Table 20 for I ton yield ...... 0 .8 
Automatic Automa1ic 
Round Square; 
Baler Baler 
0.5 0.5 
0.3 0 .5 
0 .4 0.4 
0 .4 0.5 
Hauled Hauling 
and Field and 
Stored Chopper Storing 
l .5 0.3 .9 
1 .7 . 5  .7 
1 . 5 .3 .9 
I .5 .3 .9 
'*The s i lage dat:i. arc multiplied by 3 tO put d:ua on :1 more compar:i.ble basis with luy. The Jcfaho d:i.t:i. arc for 
cho1ipcd hay. It is  :i.ssumed 1 h:it one-fourth of the labor ( I  man of -I-man crew) operates the chopper. 
tR. E .  \brx and j;1mcs \\' . Bcrkhc:HI. I-lay !-!an1e.rting t\Jl'lhods. USDA Circ. 868. 195 1 .  pp. 28 .  -H .  5-1. 58. Their 
d:i.ta indicate (Table 1 0) that :i. ton of dry h:i.y could be h:indled in  0.1 hours less time th:in 3 wns of sibge. 
!Clyde 13. \l: i rkcson. /-lay !-lm'l'esting. Time. L.abor and Co.fts l'ary l{lith Harvc·J·ting ,\Iohods. I daho :\gricullUrai 
Experiment S1:uion Cirrnbr 1 20, 1 952.  Tables ! and 2 .  
§ J . E .  \\' i l ls :1qd R. E. Rogers. Co.as u/  Various 1-/ay-Mak_ing t\Jcrhotl.• , l i l i nois Farm Econ .  �o 2 1 6.  J u ne 1 953. 
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Table 20.-Labor and Fuel Requirements for Haying Operations, per Cutting* 
Yield Per Man Hrs. Tractor Gals. 
Cuning Per Hrs. Fuel Per 
Ton A. Per A. A.t 
Mowing and Raking (7-ft. Swaths) ---------------------- ( All yields) .7 .7 .7 
Buckstacker (two men) ---------------------------------------------------- Yz .4 .2 .4 
1 .8, .4 .7 
2 1 .6 .8 1 . 4  
Automatic Round B,, ler _______________________________________________________ y, .2 .2 .4 
( PTO-one man) 1 .4, .4 .7 
2 .8 .8 1 .4 
Hauling and Storing of Dropped ______________________________________ Yz .9 .6 ] . ] 
Bales (5 men, 3 tractors, 1 1 .8 I . ]  2 .0 
3 wagons, and bale loader) t 2 3 .6  2 .2  4.0 
Automatic Square Baler ____________________________________________________ y, .3 .3 .5 
( PTO-one man) 1 . 5,  .5 .9 
2 1 .0 1 .0 1 .8 
Hauling and Storing of Loaded ______________________________________ Vi .8 .4 .7 
Bales (4 men, 2 tractors, 3 1 1 .5 ,  .8 1 .4 
wagons-loaded behind baler) § 2 3 .0 1 .6 2.8 
Field Chopper (PTO-one man) __________________________________________ y, .2 .2 .4 
l .3 ( .3 .5 
2 .6 .6 I . I  
Hauling and Storing of Chopped _______________________________________ y, .5 .3 .5 
Forage (3 n1en, 2 tractors, l .9 .6 1 . 1 
3 wagons-loaded behind chopper) 2 1 .8 1 .2 2.2 
•The dat;1 presented in this table :ire estimates dcrin:d from the daL'I. presented in  Tables 7 :i.nd 1 9. Compare 
checked (
.,
) items with those of Table 19. 1'ote 1h:i.t the data on grass silage arc multiplied by 3 lO make i t  
directly comparable to  other haying operations. 1\'otc also assumptions on raking in  text. 
tThc gallons of fuc.:I per :i.crc :ire based on m:111·hours of labor. Since the tractor will operate perh:i.ps 10  percent 
less lime the fuel calcul:i.ted from this table should be reduced :i.bout IO percent. The fuel consumpiton is 
:i.ssumed 10 be 1 .8 g:i.llons per hour (except for mowing and raking) . 
!Without the bale loader :i.nother m:tn would be necessaq, to load the wagon but little time would be saved. 
Sec USDA Circ. 868. p. 5i. 
§ Includes :i. nun on the wagon being pulled by the baler. 
from the field to the place of storage 
is assumed to be directly propor­
tional to the yield, whether clone by 
buckstacker or wagon. That is, for 
a given field and field condition 
doubling the yield per acre will 
double the trips and storage labor 
required. Fuel charges would also 
be directly proportional. 
Slightly less labor per ton would 
be required to set up equipment 
when the yield is high than when it 
is low since there would be more 
tons over which such "overhead" 
labor could be spread. These costs 
appeared to be so small as to defy 
estimation on a per ton basis and 
would not affoct per acre costs. 
The baling and forage chopper 
performance is also directly propor­
tional to the amount of hay pro­
duced per acre per cutting when it 
is assumed that mower swaths were 
made into windrows as follows: 
Relative 
Yield Per ( TI A ) 
Swaths Per No. Windrows 
Cutting Windrow Per Given Field 
�� ------------------------ 4 1 
1 ----------------------- 2 2 
2 ------------------------ 1 4 
Thus, because the number of 
windrows are directly proportional 
to the yield of forage, the high 
priced baling and chopping equip-
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m en t  cou ld b e  u sed at or n ear its 
op timum cap acity . T he r ates of p er ­
f orm an ce ar e then dir ectly prop or­
tion al to the y ield of hay . 
Tr actor s  u sed wer e assum ed to b e  
of 23- 27 DBHP r atin g an d to con­
sum e  1.8 gallon s of fu el p er hour of 
op er ation s, ex cep t f or m owin g an d 
r akin g, wher e 16- 22 hor sep ower 
tr actor s wer e assum ed. 
Fu tur e  inv estigation s will n o  
doub t pr odu ce data which will im ­
pr ov e  these estim ates. Mean while, 
these estim ates m ay b e  of help to 
those who mu st m ake decision s on 
the b asis of data n ow av ailab le. 
Performance for Selected I rrigation Operations 
A p ar t  of east cen tr al Sou th Da­
kota, the Oahe ar ea alon g the J am es 
R iv er ,  is b ein g con sider ed f or irr i­
gation . I t  is imp or tan t, ther ef or e, 
th at an attemp t b e  m ade to estim ate 
som e of the r ates of p erf om1 an ce 
that wou ld ex ist un der these con di­
tion s in this ar ea. T hese p hy sical 
data ar e pr esen ted so they m ight b e  
u sed as a gu ide in bu dgetin g  an d 
p lann in g  f arm costs f or irr igation 
in the ar eas in which it has b een 
pr op osed. B esides that b ased on 
the 1951 tim e  stu dy surv ey , inf or ­
m ation has b een taken fr om other 
stu dies in ar eas con sider ed to b e  
sim ilar to that of the Oahe ar ea in 
soil, clim ate, an d r ainf all. 
RATES OF PERFORMANCE ON 
DRYLAND AND IRRIGATED LAND 
T her e ar e a numb er of f actor s 
which br in g  ab ou t differ en ces in 
r ates of p erf orm an ce on dry lan d 
an d irr igated lan d. Som e of these 
f actor s ar e as f ollows: ( 1 ) m achin ­
ery an d imp lem en ts u sed un der irr i­
gation ar e, in m ost cases, sm aller 
than those u sed on dry lan d op er a­
tion s; ( 2) fields un der irr igation ar e 
u su ally mu ch sm aller than fi elds on 
dry lan d f arm in g; ( 3 )  the numb er of 
op er ation s n ecessary f or produ cin g  
comp ar ab le cr op s on dry lan d an d 
irr igated lan d  is gr eater un der irr i­
gation; ( 4 )  irr igatin g the lan d itself 
r equ ir es a lar ge numb er of m an­
hour s p er acr e. 
T hu s, it will b e  shown that the 
ab ov e con dition s hav e a gr eat deal 
of influ en ce on r ates of p erf orm an ce 
an d lab or r equ ir em en ts. 
CALCULATIONS OF RATES OF 
PERFORMANCE FOR IRRIGATION 
T he calcu lation s on r ates of p er ­
f orm an ce wer e m ade f or fi elds of 
thr ee differ en t  len gths. T hese field 
len gths wer e b ased on stan dards set 
up by the Bur eau of R eclam ation . 
T he size of imp lem en ts u sed in the 
calcu lation s wer e b ased in p ar t  on 
an unpub lished stu dy of the L ower 
Y ellowston e con du cted by t h e  
Nor th Dakota State Agr icu ltur al 
College in coop er ation with the 
BAE .7 Machin e sizes wer e also se­
lected on the b asis of stan dar ds set 
up by the Bur eau of R eclam ation 
f or the Oahe ar ea. 
'Unpubl ished study on management practices 
and yields in Lower Yellowstone, North Da­
kota Agricultural Experiment Station, Agri­
culturalp Economics Department, in coopera­
tion with the BAE. 
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The speed of travel used in cal- crop; and also, the number of times 
culating rates of peiformance under each operation must be performed. 
irrigated conditions is the same as The necessary operations and 
that used for dryland operations. number of times each operation was 
Because of deeper tillage and dif- performed were based on -the Yel­
ferent soil conditions, implements lowstone study. This study was used 
of comparable size will commonly because this area compares favor­
require more power on irrigated ably with conditions that exist in 
land than e,n dryland. Therefore, the Oahe area in regard to soil and 
in using the same equipment on irri- rainfall. The labor and fuel require­
gated land as on dryland, the speed ments for different operations were 
of travel would be decreased. But, taken from the rates of performance 
since smaller equipment is being given in tables 21, 22, and 23. 
used on irrigated farms, the same 
The total requirements per acre rate of speed was assumed to be 
have been set up on the basis of 
used as on dryland . three di fferent field lengths. These 
The time lost per hour is assumed field lengths are the same as those 
to be the same as on dryland opera- that were used in calculat ing rates 
tions .  The time required for turn- of performance. This was done to 
ing on ends ,vas increased from 20 show differences in labor and fuel 
to 40 seconds, since more care requirements for different length 
would probably be taken on a J im- fields and also because it  was as­
ited irrigated acreage. Burdick's sumed that these lengths would be 
equation was used in making the typical of fields set up on the Oahe 
calculations. area . 
Results of the calculations of 
rates of performance 
tables 21,  22, and 23. 
are shown in 
SMALL GRAIN, CORN, POTATO, 
AND SUGAR BEET REQUIREMENTS 
In setting up the total labor and 
fuel requirements, it was necessary 
to make a decision on what crops 
might be raised under irrigation in 
the Oahe area . The main crops cho­
sen were small grain, corn, potatoes, 
hay, and sugar beets. These are con­
si dered the most important, al­
though it is likely that other crops 
will be raised. 
The next step was to determine 
the number of operations necessary 
for producing and harvesting the 
Smal l  Grain.  Some small grains 
are generally grown by farmers in 
irrigated areas. It is, therefore, de­
sirable to estimate the rates of per­
formance for the various operations 
involved in raising these crops 
under irrigation . 
Operations for raising oats, bar­
ley, and wheat are all somewhat 
similar and, therefore, they have all 
been put together under the head­
ing of small grains .  Generally, the 
operations for preparing the land 
are plowing, disking, harrowing, 
and seeding with a grain drill. Irri­
gated land also requires such opera­
tions as leveling, corrugating, and 
irrigating, which make the labor re­
quirements considerably higher for 
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Table 2 1 .  Estimated Rates of Performance and Fuel Consumption for Operation on Irrigated 
Land-Field Length 30 Rods 
Implement 
Kind 
Plow 
Disk-Tandem 
I-larro,v -----------------------
Cultivator ..................... . 
1st time -------- -- ----------------- -----
2nd time --------------------------------·-
3rd time _____ _ 
Drill 
Corn Planter 
Side Del ivery 
Sizc 'f-
2 - 1 -l " 
8 '  
I 5 '  
2-row 
8' 
8' 
Mower ------------------------------------------ 7' 
Swather ---------- ------------------ ------------ 8' 
Combine _________________________ 6' ( 8 'swath ) 
Combine Straight .............. ........ 6' 
Corn P icker _________ 1 - ruw 
Corn Picker --------- ---------------------- 2 -row 
Field Chopper ................... .......... I -row 
Potato Planter ----------------------------- 2-row 
Culti,·acor _______ ------------------- ....... . 2-row 
l st tin1e _______ ---------------------······· 
2nd ti111e .. -----------------------------
Other ----------------------------------------
Sprayer ----------------------------------- - --- 6-row 
Stalk Cutter ................................ 2 -rnw 
Leveler 8 '  
Potato Digger I -row 
Potato Digger ------------------------------ 2-row 
Beet Planter _________________ .............. -l-row 
Ditcher ---------------------------------------- -l-row 
Beet Culti,·ator -------------------------- -l -row 
1 st ti111e 
2nd ti111c ---------------------------------
Other ---------------··---------------------
Beet Harvester 
Beet Han·cster 
I -row 
2 -r( I\\I 
�lin. G�ds. G:1Js. 
Speed Lost Hrs. Fuel Fuel 
(MPH) Per Hr. Per A.t Per Hr. P£•r A .  
-l.O 
4 .0  
-l .5 
3.5 
-l.O 
-l.5 
-l.O 
4 .0 
4 .5 
-1.5 
4.5 
2 .5 
3.0 
3 .0  
3 .0  
3 .0 
2 .5  
3 .0 
3.5  
-l.O 
4 .0 
3.5 
3 .5  
2 .5 
2 .5  
2 .5  
-l .O 
2 . 5  
3.0 
3.5 
3.0 
3 .0  
5 
5 
5 
5 
5 
J O  
1 5  
5 
5 
J O  
1 0  
1 5  
I 5 
1 5  
30 
5 
5 
5 
I 5 
5 
5 
1 0  
1 0  
1 5  
5 
5 
1 5  
1 5  
1 .22  
.-l-l 
.22 
.53 
.50 
.-1 5 
.-19 
.5 8 
_ -j ( )  
. -1 7  
.-JO 
.66 
.65 
1 .-l l 
.6 1 
1 . -l l  
.96 
. 6 1  
.53 
.50 
. 1 9  
.53 
. - 15 
l .50  
.75  
.80 
.50 
.69 
. 6 1  
.53 
2 . 7 -l 
1 . -l l  
1 .9 
2 . 1 1  
1 .5 
1 . -1 
1 . -l 
1 . -l 
1 .5 
1 .5 
1 . 0 
1 .0 
1 .-l 
3.0 
3.0 
1 .8 
1 .8 
1 . 8  
2.0 
1 .9 
1 .9 
1 .9 
1 .3 
1 . 9 
1 . 7  
2.2 
2.5 
I .3 
1 .9 
I .'J 
1 .9 
1 .9 
1 .9 
2 .2  
2 .32 
. 88 
.33 
.74 
.70 
.63 
.7 -l 
.87 
.-JO 
.-17  
. 56  
1 .98 
1 .95 
2 .5 -l 
.92 
2 .5 -l 
1 .8 8  
1 . 1 3  
.98 
.92 
.25 
.9 8 
.77 
3.2 -l 
1 . 8 8  
1 .07 
.92 
1 .32 
1 . 1 7  
1 .02 
5 . 2 6  
3 .05 
.. Rows for sugar beets arc 20 inches :1p:1n .  Potatoes. s:tmc as fur corn. 
t-10 sccond.<, al lowed for t urning- on ends. Dr:iwhar horsepower of lr:1ctor. 1 6-22. 
Source�: 
Tiu· l:"conomirs of Sugar JJec·t .\frclu111izatio11 , Colorado Agricultural Expr.:rirrn.: 1 1 1  Stat inn Bulletin 4 1 1 - . \ .  
:\pril 1950. 
Cro/1 Labor lfrq11irc111t·111�· (lfld Sc(lJ°onal Oiuri/n(fion-Oahc· Art'a . Rcp:1ymcn1 Cn i t .  fa:onomin, and Repayment 
Section. Burc:1u of Rccl:tm:1tion. :\1,ril 1 95 1 .  
"Input and Output Dat:l for Princip:i.l Crops o n  Sc:lccted l rrig:nc:d Soils. Tri-Count\' :11ul Pb1tc \';i_l\c:� 
.\rca. C1.:1Hr:d �cbr:1sk: 1 . ' '  South D.tkot:t Expc:rimcnt Station (m imeographed prc: l imin:try) . .  \pril 1 95 1 .  
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Table 22. Estimated Rates of Performance and Fuel Consumption for Operation on Irrigated Land­
Field Length 21 Rods 
Min. 
Implement Speed Lost Hrs. 
Kind Size* (MPH) Per Hr. Per A.t 
Plow ------------------------------------------- 2 - 1 4 "  4.0 5 1 .40 
Disk-Tandem ----------------------------- 8' 4.0 5 .49 
1 -Iarrow --------------------------------------- 1 5 ' 4.5 5 .24 
Cultivator ---------------------------------- 2-row 
I st time ------------------------------------ 3.5 5 . G I  
2nd time ------------------------------- 4.0 5 .57 
3rd tune -------------------------------- ·--·- 4.5 5 .52 
Drill ------------------------------------------- 8'  4.0 IO  . 55  
Corn Planter ----------------------------- 2-row 4.0 1 5  .65 
Side Delivery ------------------------------ 8' 4.5 5 .46 
Mower -----------------------------------·----- 7' 4 .5 5 .53 
Swather ----------···-·----------------------- 8' 4.5 5 .46 
Combine ············-······-········6' (8' swath) 2.5 1 0  .72 
Combine Straight ·----------------------- 6' 3.0 J O  .70 
Corn Picker --------------------------------- ] -row 3.0 1 5  1 .56  
Corn Picker --------···--------------·-·--· 2-row 3.0 1 5  .65 
Field Chopper ---------------------------- I -row 3.0 1 5  1 5 6  
Potato Planter ·--·-------------------------- 2-row 2.5 30 1 .05 
Cultivator ------------·-----------··---···---- 2-row 
I st tin1c --------------------------------- 3.0 5 .68 
2nd ti1nc -------------------------------- 3.5 5 .6 1 
Other ---------------·---------------------- 4.0 5 .57 
Sprayer ---------------------------------------- 6-row 4.0 1 5  .22 
Stalk Cutter ------------------------------- 2-row 3.5 5 .G I  
Leveler ---------------------------------·--··-· 8' 3.5 5 .50 
Potato Digger ---------------------------- ] -row 25 1 0  1 .67 
Potato Digger ---------------------------- 2-row 2.5 J O  .82 
Beet Planter ------------------------------- 4-row 2.5 1 5  .88 
Ditcher -------------------------------------- 4-row 4.0 5 .57 
Beet Cultivator -----------····------------ 4-row 
! st time ----·--·-·····-·----··-------····-- 2 .5 5 .76 
2nd ti,ne ---------------------------·--- 3.0 5 .68 
Other --------------------------------·-··· 3.5 5 .61 
Beet Harvester ---------------------------- I -row 3.0 1 5  3.04 
Beet Harvester -------------------------- 2-row 3.0 1 5  1 .56 
•Rows for  sugar beets :ire 20 inches apart. Potatoes. same as for corn. 
t40 seconds allowed for turning on ends. Drawbar horsepower of tractor, 16-22 
Source: 
Gals. Gals. 
Fuel Fuel 
Per Hr. Per A. 
1 .9 2.66 
2.0 .98 
1 . 5  .36 
1 .4 .85 
1 .4 .80 
1 .4 .73 
I .5 .83 
1 .5 .98 
1 .0 .46 
1 .0 .53 
1 .4 .64 
3.0 2 . 1 6  
3.0 2 . 1 0  
1 .8 2 .80 
1 .8 .98 
1 .8 2 .80 
2.0 2 .06 
1 .9 1 .26 
1 .9 1 . 1 3  
1 .9 1 .05 
1 .3 .29 
1 .9 1 . 1 3  
1 .7 .86 
2 .2 3.6 1 
2.5 2.05 
1 .3 l . 1 8  
1 .9 1 .05 
1 .9 1 .46 
1 .9 1 .3 1  
1 .9 1 . 1 7  
1 .9 5 .84 
2.2 3.37 
The Economics of Sugar /Jc:e/ Malumizatio11, Colorado Agricultural Experiment Station Bulletin 4 1 1-A, 
April 1950. 
Crop tabor Requirements and Se(lsonal Distribution-Oahe An·a, Repayment Unit. Economics and Repayment 
Section, Bureau of Reclamation, April 195 1 .  
" I nput and  Ou1put Da1a for Principal Crops on Selected Irrigated Soils, Tri-County and Platte Valley Area, 
Central Nebraska , ' '  South Dakota Expcrimem Station (mimeographed prcliminar�') , April 1 95 1 .  
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Table 23. Estimated Rates of Performance and Fuel Consumption for Operation on Irrigated Land­
Field Length 14 Rods 
Min. 
Implement Speed Lost Hrs. 
Kind Size* (MPH) Per Hr. Per A.t 
Plow ------------------------------------------ 2 - 1 4 "  4 .0 5 1 .66 
Disk-Tandem ---------------------- -------- 8' 4.0 5 .52 
Harrow ---------------------------------------- 1 5 ' 4.5 5 .28 
Cultivator ---------------------------------- 2-row 
1 st tin1c -------------------------- - - -------- 3.5 5 .72 
2nd time ---------------------------------- 4 .0 5 .68 
3rd time --------------------------------- 4.5 5 .63 
Drill -------------------------------------------- 8' 4.0 I O  .66 
Corn Planter ------------------------------- 2-row 4.0 1 5  .78 
Side Delivery ---------------------------- 8' 4 . 5  5 .56 
Mower ----------------------------------------- i' 4 .5  5 .65 
Swather --------------------------------------- 8' 4.5 5 .56 
Combine ··-··········-----·-·-··-··6' (8 '  swath) 2 .5  1 0  .77 
Combine Straight ------------------------ 6' 3.0 1 0  .76 
Corn Picker -----·----··---------------------- ] -row 3 .0 15  1 .82 
Corn Picker ---------- - ----------------·-·· 2-row 3 .0 1 5  .i5 
Field Chopper --------···-·--------·-···-··· I -row 3 .0 1 5  1 .82 
Potato Planter --------------------------- 2-row 2.5  30  1 .20 
Cultivator --------- - ------------------------ 2 -row 
I st tin1e -----------------··-·-·····--·- 3.0 5 .i8 
2nd time ----------------·--------------·· 3.5  5 .72 
Other ··-·-------------------------------·· 4.0 5 .68 
Sprayer -------------------------------------· 6-row 4.0 1 5  .26 
Stalk Cutter ----------------·-········------ 2 -row 3.5 5 .72 
Leveler ---···--------------------------------- 8' 3 .5  5 .60 
Potato Digger ---------------------·······-· 1 -row 2 . 5  1 0  1 .92 
Potato Digger --------···-----------------· 2 -row 2 .5  1 0  .94 
Beet Planter --·-···-····--···--··--··-----· 4-row 2.5  1 5  1 .00 
Ditcher ------------··--···----------------····· 4-row 4.0 5 .68 
Beet Cultivator -----------------------····· 4-row 
I st time ----··---·--···----·--····-------··· 2 .5 5 .87 
2nd tin1e ------------------------------- 3.0 5 .78 
Other ---------------------------··-···-······· 3.5 5 .73 
Beet Harvester --------------------------- 1 -rO\V 3.0 1 5  3 .54 
Beet Harvester --------··-··----·---··--·- 2 -row 3.0 1 5  1 .82 
•Rows for sugar beets arc 20 inches apart.  Potatoes, same as for corn. 
t40 seconds allowed for turning on ends. Drawbar horsepower of tractor, 16-22 
Source: 
Gals. Gals. 
Fuel Fuel 
Per Hr. Per A. 
1 .9 3 . 1 5  
2 .0 1 .04 
1 .5 .42 
1 .4 1 .0 I 
1 .4 .95 
1 .4 .88 
1 .5 .99 
1 . 5  1 . 1 7  
1 .0 .56 
1 .0 .65 
1 .4 .78 
3.0 2.3 I 
3 .0 2 .28 
1 .8 3.28 
1 .8 1 .  I 2 
1 .8 3.28 
2 .0 2.35 
1 .9 1 .44 
1 .9 1 .33 
1 .9 1 .26 
1 .3 .35 
1 .9 1 .33 
1 .7 1 .03 
2 .2 4. I 5 
2 . 5  2 .35 
1 .3 1 .30 
1 .9 1 .26 
1 .9 1 .67 
1 .9 I .SO 
1 .9 1 .40 
1 .9 6.80 
2 .2 3 .93 
The· Economics of Sugar Beet Mechanization, Colorado Agricultural Experiment Stalion Bulletin 4 1 1 -A, 
April 1950. 
Crop Labor Requirements and St•tuona/ Distribution-Oaht· Area, Repayment Unit, Economics and Repayment 
Section. Bureau of Reclamation. April 195 1 .  
' " Input and Output Dara for Principal Crops o n  Selected I rrigated Soils, Tri-County and Pbtte Valley Arca, 
Central i\"cbraska , ' '  South Dakota Experiment Sta1ion (m imeographed prel imin:1ry) . April 1 95 1 .  
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ir r igated l and th an dryl and. In c om­
paring th e l abor req uirements for 
produc ing s mall grain on irrigated 
land and on dryl and, it is found that 
it req uires th ree times as many man­
h ours to produc e an ac re of s mal l 
grain under irrigation as it does to 
produc e an ac re of s mall grain on 
dryl and. Th e es timated req uire­
ments for produc ing s mall grain 
under irri gati on are sh own in table 
24 . 
Corn. Corn is a popular cr op in 
irrigate d are as , and would be q uite 
important in the Oah e area. Th e 
oper ations for produc ing c orn on 
c l ryland and irrigated land are 
s omewhat s imilar exc ept that th e 
oper ations , in mos t c ases , are more 
intens e unde r  ir r igation. I n  addi­
tion, s uch operations as level ing, 
ditc hing, and irrigating mus t be in­
c luded. In a c omparis on of the labor 
req uireme nts for produc ing c orn on 
irr igated land and on dryland, it is 
found th at almos t th ree times as 
many man- hours are req uired on 
irrigated l and as on dryland. Th e 
es timated req uirements for produc ­
ing c orn under irrigation are s hown 
i n  table 25. 
Sugar Beets. Sugar bee ts are an 
important s ourc e of c ash inc ome in 
m any irrigated areas . 
Plowing is us uall y the firs t opera­
t ion in pre paring the l and for s ugar 
beets , but s ometimes pl owing is pre­
c eded by dis king. F ollowing the 
pl owing, th e land is us ually worke d 
down with dis ks and harrows . L ev­
eling is anoth er operation that is 
nec ess ary. Th ere is als o  a great 
amount of h and labor c onnec ted 
with rais ing th e s ugar beets , s uch 
as irrigating, h oeing, and th inning. 
I n  s ome areas the mec hanic al th in­
ner is being us ed, but, as yet, a 
greater perc entage of the thinning 
is done by h and. 
H arves ting of s ugar beets h as be-
Table 24. Estimated Labor and Fuel Requirements for Small Grain in Proposed Irrigation Areas 
in East Central South Dakota, 1 950  
Length o f  Field Length of Field Length of Field 
30 Rods 21 Rods 14 Rods 
Tot:11 Total Total Total Tot:11 Total Total Tot:11 Total 
Tractor- Gals. i\fan- Tractor- Gals. Man- Tractor- Gals. Man-
Hrs. Fuel Hrs. Hrs. Fuel Hrs. Hrs. Fuel Hrs. 
Implement Times Per Per Per Per Per Per Per Per Per 
Kind Size Over A. A. A.* A. A. A.* A. A. A.* 
Plow -···-------------- 2- H"  1 .22 2.32 J .28 1 .40 2.66 1 .47 1 .66 3 . 1 5  1 .74 
Disk-Tandem ---- 8' .-l4 .86 .46 .49 .98 .5 1 .5 1 1 .04 .54 
Harrow·!- --------- 1 5 ' 2 .-l4 .66 .46 .48 .72 .50 .56 .84 .58 
Leveler -------------- 8' 2 .90 1 .54 .94 I .OD 1 .06 1 .06 l .20 2.06 1.26 
Drill ----------------- - 8' I .49 .74 .52 .55 .83 .58 .66 .99 .69 
lrrigatd ------------ 2 2.60 2 .60 2.60 
Clean Ditches+ __ . 1 0  . I O  . 1 0  
Swather ---------- 8' .40 .56 .58 .46 .64 .48 .56 .78 59 
Combine ------ - - 6' .66 1 .98 .76 .72 2 . 1 6  .87 .77 2.3 1  .8 1 
Total ----------------------------- 4 .55 8.66 7.70 5 . 10  9.05 8 . 1 7  5.92 1 0.47 8.4 1 
·�·fan-hours for IK1uling not included. 
tLabor and fuc::\ requirements for corrugating, same as that for h:1rrow or cultivator of the same: size. 
tL:i.bor rcqu_ircmcnts :or i r.rigation �rn_d cle
aning ditches were ta1ken from an unf?ublishr:d stu
dy O? on mana;&"C· 
mcnt pracuccs for yields rn Lower \ ellowstone, made by the North Dakota Agrtcultural College 1n  coopc::rauon 
with the BAE. 
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come largely mechani zed. Thi s me­
chani zati on of sugar beet harv est 
has cut down consi derably the hand 
labor and the amount of man- hours 
requi red to produce an acre of sugar 
beets. 
The esti mated labor requi re­
ments for the producti on of sugar 
beets i n  the Oahe area are giv en i n  
table 26. 
Potatoes. The preparati on of the 
land for potatoes does not diff er 
greatly from that of sugar beets. 
M ost of the operati ons are the same 
ex cept that thi nni ng i s  not requi red 
i n  the producti on of potatoes, so 
that less labor i s  necessary. In gen­
eral, the total labor requi rements 
per acre for potatoes are consi der­
ably lower than those for sugar 
beets. The esti mated labor and fuel 
requi rements for produci ng an acre 
of p otatoes are giv en i n  table 27. 
Nothi ng has been sai d about 
labor and fuel requi rements for al­
falfa. The requi rements for harv est­
i ng alfalfa were calculated and they 
may be found by referri ng to table 
20 . The preharv est operati ons and 
requi rements are si mi lar to those 
for small grai n under i rri gati on ex­
cept when seeded i n  small grai n. 
,i\7 hen seeded i n  small grai n, v ery 
li ttle labor i s  requi red i n  addi ti on 
to that appli ed to the small grai n. 
All of the labor and fuel requi re­
ments hav e been calculated for the 
i mpo1t ant operati ons ex cept hauli ng 
the produce at harv est ti me. Thi s 
was not done because of t he v ari a­
ti ons that exi st because of i tems 
such as yi eld s, di stance hauled, and 
method used i n  hauli ng. There i s  no 
i nformati on av ai lable and a study 
h as not been made on the ti me re­
qui re ments for thi s operati on. 
Table 25. Estimated Labor and Fuel Requirements for Corn in Proposed Irrigation Areas in East 
Central South Dakota, 1950 
Length of Field Length of Field Length of  Field 
30 Rods 21 Ro<ls 14 Rods 
Tot:11 Total Total Towl Tot:d Total Total Total Tot:11 
Tractor- G:ils. Man- Tractor- Gals. Man- Tractor- Gals. �'l.10-
Hrs. Fuel Hrs. Hrs. Fuel Hrs. Hrs. Fuel Hrs. 
Implement Times Per Per Per Per Pt•r Per Per Per Per 
Kind Size Over A. A. A.* A. A. A.* A. A. A.* 
Plow -- -- ------------ 2 - 1 4 "  1 .22 2.32 1 .28  1.-JO 2 .66 U7 1 .66 3 . 1 5  1 .74 
Disk-Tandem ---- 8' 2 .88 1 .76 .92 .98 1 .96 1 .03 1 .04 2 .08 1 .09 
Harrow . .......... 1 5 ' 3 . 5 8  . 8 8  .62 .6-f .96 .68 .74 1 . 1 2  .78 
Leveler ------------- 8' . - 15 .77 .52 .55 .83 .58 .66 .99 .69 
Planter ------------- 2 -row I .58 .87 .6 1 .65 .98 .68 .78 1 . 1 7  .82 
Cultivator --------- - 2 -row -j 1 .90 2.70 2.00 2.22 3 . 1 6  2 .33 2 .66 3.72 2 .79 
l rr igatd ------------ -f -1 .27 -1 .27 4 .27 
Clean Ditchcs-j-__ . 1 0  . J O  . I O  
Picker - -- -------- --- 2-row .6 1 .92 .70 .65 .98 .75 .75 1 . 1 2  .86 
Field Chopper ____ I -row 1 . -1 1 2 .5 -f 1 .62 1 .56 2 .80 1 .79 1 .82 3.28 2 .07 
Sprayer! --------···· 2-row .-15 .63 .-17 .52 .73 .55 .63 . 88  .66 
Total --------------------- --···------- 8.08 1 3 .39 1 3 . 1 1 9 . 1 7  1 5 .06 1 -1 .23 I 0.7-f 1 7 . 5 1  1 5 .87 
-- -- -
·�Ian-hours for h:iulin).!" not inclmk<l. 
tL:ibor rcquircmt:nls for irrigation :ind clc:1 ning ditcht:s were taken from :111 un11uhl isht:(! s 1udr un m:in:1gcmcnt 
pr:i.cticcs and yields in Lcwcr Ycllows1011c made by the I\onh Dakota .-\gricultural Collt'.gc, ' "  cuo11t:ra t ion with 
t hc B,\E. 
: Spr:tying for corn bon.:rs is figun;<l :n the same rate :ts thl'. third cult ivat ion.  
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Monet:ary Cost:s of Operations 
Since the pr eceding da ta on 
power a nd ma chinery per for ma nce 
ha ve been given in phy sical tem 1s, 
they mu st be conver ted into mone­
tmy ter ms to be u sed in setting u p  
far m  bu dgets. This will , of cour se, 
involve u sing curr ent or pr oj ected 
pr ices of fu el a nd equ ipment, to­
gether with a dditiona l per tinent 
infor ma tion. 
Cost of opera ting far m  ma chine1y 
ca n be divided into two ma in ca te­
gor ies, var ia ble a nd fix ed. Var ia ble 
costs, su ch a s  fu el , oil, a nd gr ea se, 
ar e dir ectly dependent on the 
a mou nt of u se. The cost of fu el for 
a ny opera tion ca n be compu ted by 
simply mu ltiply ing the nu mber of 
gal lons of fu el r equ ir ed by the pr ice 
per gall on. The cost of oil a nd 
gr ea se will a vera ge a ppr ox ima tely 
one- six th tha t of fu el . 
Repa ir costs, whil e va 1ying with 
u se, ar e diffi cu lt to pr edict, since 
they ar e dependent on the kind a nd 
qua lity of ma chine a nd the car e  
u sed in opera tion a nd ma intena nce, 
a s  well a s  the hour s of opera tion. 
The a vera ge co st per hour of opera ­
tion for a tra ctor ha s been estima ted 
to be .007 per cent of the 0 1i ginal 
cost of the ma chine. This woul d, for 
exa mple, be 14 cents per hour for a 
$ 2,000 tra ctor .s 
For other ma chines, a ra nge of 
fr om 2 to 4 per cent of the or iginal 
cost a nnually ha s been estima ted.9 
Fix ed or over hea d costs, on the 
other ha nd, go on r egar dl ess of u se, 
a nd ca n only be consider ed when 
deciding whether or not to pur cha se 
a ma chine. The a vera ge cost per 
hour of opera tion will , of cour se, be 
dependent u pon the a mou nt of u se, 
bu t a dditional u se will not r esul t  in 
a dded costs. For a ma chine alr ea dy 
owned, these costs ca nnot be con­
sider ed. Costs which ar e str ictly 
fix ed inclu de tax es, inter est, a nd in­
sura nce. Since the a vera ge valu e of 
a ma chine over its u seful life is one­
hal f  of its or igina l cost, those 
char ges shoul d be compu ted on this 
a mou nt. 
Depr ecia tion might be ex pected 
to be dependent ma inly on the 
a mou nt a ma chine is u sed, bu t be­
cau se of obsol escence, wea ther ing, 
a nd the desira bil ity of r ecover ing 
the or iginal cost within a r ea sona bl e 
per iod of time, it is lar gely a fix ed 
cost. Fifteen y ear s is a fa ir a ppr ox i­
ma tion of the u sefu l  l ife of most 
ma chines, with 12 y ear s for cor n 
picker s a nd hay ba ler s a nd 10 y ear s 
for combines.10  
The a nnual depr ecia tion ca n, 
ther efor e, be estima ted a t  1/ 15, 
1/ 12, a nd 1/10 of the or igina l cost, 
r espectively . For tra ctor s, a for mula 
ha s been wor ked ou t involving both 
a fix ed fa ctor for obsol escence a nd 
a var ia bl e fa ctor for wear a nd tear . 
I n  general , the fix ed component will 
be a ppr ox ima tely 9 per cent of the 
8
" Base Prices for Long-Term Farm Budgets in 
South Dakota," South Dakota Agricultural 
Experiment Station, Agricultural Economics 
Pamphlet 5 1 ,  February 1 95 4 .  
"Robert Finley, Fi1ting Power and Machinery 
to the Farm, Department of Agricultural Eco­
nomics, University of J l l inois, College of Agri­
cul ture, Urbana, I l l inois, AE 3082, November 
1 8 ,  1 955 .  
10"Base Prices for Long-Term Farm Budgets in 
South Dakota," op. cit. 
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Table 26. Estimated Labor and Fuel Requirements for Sugar Beets in Proposed Irrigation Areas in 
East Central South Dakota in 1950 
Length of Field 
30 Rods 
Length of Field 
21  Rods 
Len g1h of Field 
14 Rods 
Total Total 
Tractor- Gals. 
Hrs. Fuel 
Implement Times Per Per 
Kind Size O\'er A. A. 
Plow .................. 2 - 1 4"  I 
Disk-Tandem .... 8' 2 
Harrow 1 5 '  3 
Leveler ···-········· 8' 2 
Planter .............. 4-row 
Cultivator .......... 4-row 4 
Thin by hand-!- .. 
Ditched· 
Hoe by hand·!· .... 
Pull , top, load·!· .. 
Jrrigatd 5 
Total 
1 .22 
.88 
.66 
.90 
.80 
2.36 
3.70 
1 0 .52 
·�fan-hours for hauling not included. 
2 .32 
1 .7 6  
.99 
1 .54 
1 .07 
4.53 
3 .70 
1 5 .9 1 
Total Total Total 
�fan- Tractor- Gals. 
Hrs. Hrs. Fuel 
Per Per Per 
A.* A. A.  
1 .28 
.92 
.69 
.95 
.84 
2.47 
5 .00 
.47 
7.35 
4.48 
7.00 
3 1 .45 
1 .40 
.98 
.72 
1 .00 
.88 
2.66 
4.00 
1 1 .64 
2 .66 
1 .96 
1 .08 
1 .72 
1 . 1 8  
5 . 1 1 
4.00 
1 7.7 1 
Total Total Total 
Man- Tractor- Gals. 
Hrs. Hrs. Fuel 
Per Per Per 
A.* A. A. 
1 .47 
1 .03 
.78 
1 .05 
.92 
2.79 
5 .00 
.47 
7.35 
4.98 
7.00 
32.84 
1 .66 
1 .04 
.84 
1 .20 
1 .00 
3.1 l 
4.45 
1 3 .30 
3 . 1 5  
2.08 
1 .26 
2 .06 
1 .30 
5 .97 
4.45 
20.27 
Total 
:Man­
Hrs. 
Per 
A.* 
1 .74  
1 .74 
.88 
1 .26 
1 .05 
3 .27 
5.00 
.47 
7.35 
5 .43 
7 .00 
3 4.54 
tLabor requirements for thinning, ditching. hoeing-. and harvesting were taken from Crop Production Prtlcticei 
in Great Plains. USDA. BAE. Washington. D. C. ,  1953. 
�Labor requircmcllls taken from an unpublished study on man:-igcmcnt practices :ind yields in  Lower Ycllows10nc, 
made by the North 0:-ikota Agricultural College in cooperation wi1h the BAE. 
Table 27. Estimated Labor and Fuel Requirements for Potatoes in Proposed Irrigation Areas in 
East Central South Dakota in 1950 
Length of Field 
30 Rods 
Total 
Tractor­
Hrs. 
Implement Times Per 
JC.ind Size Over A. 
Plow .................. 2-H" 
Disk-Tandem .... 8' 2 
Harrow ............ 1 5 '  3 
Leveler .............. 8' 
Planter ·········-··· 2-row l 
Cultivator .......... 2-row 3 
Sprayer ·····-····-· 6-row 3 
Ditcher-!- ........... . 
I rrigatet ···-······· 4 
Roto-Bcater ...... 2-row 
Potato Digger .... I -row 
Total ···········-··············-····· 
1 .22 
.88 
.66 
.+5 
.96 
1 .64 
.57 
.53 
l .50 
8 . 4 1  
"'t\lan-hours for hauling n o t  included. 
Total 
Gals. 
Fuel 
Per 
A. 
2 .32 
1 .76 
.99 
.77 
1 .88 
3 .03 
.75 
.98 
3 .24 
1 5 .72 
Total 
Man­
Hrs. 
Per 
A.* 
1 .28 
.92 
.69 
.47 
1 .00 
1 .68 
.60 
.47 
5 .60 
.55 
1 .58 
1 4.84 
Length of  Field 
21 Rods 
Total Total 
Tractor- Gals. 
Hrs. Fuel 
Per Per 
A. A. 
HO 
.98 
.72 
.50 
1 .05 
1 .86 
.66 
.61 
1 .67 
9.45 
2.66 
1 .96 
1 .08 
.86 
2 .06 
3 .44 
.87 
1 . 1 3  
3 .6 1  
1 7.67 
Total 
Man­
Hrs. 
Per 
A.* 
1 .47 
1 .03 
.78 
.52 
I .  I O  
1 .92 
.69 
.47 
5 .60 
.64 
1 .75 
1 5 .97 
Length of Field 
14 Rods 
Total 
Tractor­
Hrs. 
Per 
A. 
1 .66 
1 .04 
.84 
.60 
1 .20 
2 . 1 8  
.78 
.72 
1 .92 
1 0.94 
Total 
Gals. 
Fuel 
Per 
A. 
3 . 1 5  
2 .08 
1 .26 
1 .03 
2 .35  
4 .03 
1 .05 
1 .33 
4 . 1 5  
20.43 
Total 
Man­
Hrs. 
Per 
A.* 
1 .74 
1 .09 
.88 
.63 
1 .26 
2 .25 
.8 1 
.47 
5 .60 
1 .37 
2 .02 
1 8 . 1 2  
tLabor requirements for ditching were taken from Crop ProducJion Practicc·s in Great P/(lins, USDA, BAE, 
W:1shington. D.  C. ,  1953. 
!Labor requirements taken from an unpublished study on management practices and yields in  Lower Yellowstone, 
made by the North Dakota Agricultural College in cooperation with the BAE. 
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o rigina l cos t  a nnua lly , while the requiring a dditio na l ma chinery ,  o r  
va ria ble co mpo nent will be a pprox- in co mpa ring the cos t  of o wning a 
ima tely . 005 percent of the o rigina l ma chine with tha t of cus to m wo rk , 
cos t, per ho ur of o pera tio n. On a fix ed as well as va ria ble cos ts mus t 
$ 2, 000 tra cto r, this wo uld be $ 18 0  be cons idered. I n  co ns idering a n  
a nnua lly ,  plus 10 cents per ho ur of enterp ris e us ing equipment a lrea dy 
o pera tio n.11 o n  ha nd, ho wever, o nly the va ria ble 
I n  co ntempla ting a n  enterp1is e cos ts ca n be a llo wed to enter in. 
EXAMPLE 1. A fa n er with 100 a cres of s ma ll gra in o n  dry la nd a nd a 
20 H .P. tra cto r  is co ntempla ting the purchas e of a 6-foo t co mbine, as a n  
a lterna tive to ha ving his cro p  cus to m- co mbined. Co ns ulting ta ble 7 ,  he 
fi nds tha t us ing s uch a ma chine with his tra cto r will invo lve 3 9  tra cto r 
ho urs a nd 120 ga llo ns of f uel. If the co mbine is priced a t  $ 2,100, his tra cto r 
cos t  $ 2, 000 new, a nd f uel s ells fo r 20 cents per ga llo n, he ca n es tima te his 
a nnua l po wer a nd ma chine cos ts as fo llo ws : 
Varu,hle costs 
Fuel- 120 ga l. x 20 cents per ga l.__ ______________________________________________________ $ 24 . 00 
Greas e a nd o il-)� x $ 24 . 00 --------------------------- ----- --- ----------------------------- 4 . 00 
Tra cto r repa irs- 3 9  hrs . x . 007% per hr. x $ 2, 000__________________________________ 5.46 
Tra cto r deprecia tio n- 3 9  hrs . x . 005% per hr. x $ 2, 000________________________ 3 . 90 
Co mbine repa irs- 2% x $ 2, 100 ______________________________________________________________ 4 2. 00 
To ta l Va ria ble Cos ts ----- ----------------------- ---------- ----------- --------------------------- $ 7 9  . 36 
Fixecl Costs 
Co mbine deprecia tio n- 1/ 10 x $ 2, 100 ______________________________________________ $ 210. 00 
I nteres t- 5% x $ 2, 100 _______ _______________________________________________________ ______________ 52. 50 
2 
Tax es ( @  25 mills x $ 3 00 a vera ge ass ess ed va lua tio n)---------------------- 7 . 50 
I ns ura nce ( Bas ed o n  minimum po licy )----------------------- - -- ---- ---------- ____ 10. 00 
To ta l Fix ed Cos ts ----------------------------------------------------------------- ___________ $ 28 0. 00 
To ta l Po wer a nd Ma chine Cos ts ____________________________________________________ $ 36 9. 36 
I n  a ddi tio n, of co urs e, there is the cos t  of la bo r fo r o pera ting. I n  this 
cas e, 4 5  ho urs wo uld be req ui red ( ta ble 9) . If ex tra la bo r mus t be hired, 
o r  regula r la bo r  mus t be diverted f ro m  so me ot her pro ductive use ,  this cos t  
mus t be included in ma king a co mpa riso n with the cos t  of cus to m wo rk . 
EXAMPLE 2. The fann er has purchas ed the co mbine a nd no w co n­
templa tes increasi ng his s ma ll gra in a crea ge f rom 100 a cres to 200 a cres .  
No w, in co mputing his a dditio na l  po wer a nd ma chi nery cos ts ,  he ca n co n­
s ider o nly the va ria ble cos ts .  The to ta l cos t, ex clus ive of la bo r, of co mbin­
i ng the ex tra 100 a cres wo uld, therefo re, be o nly $7 9. 36 · ( to ta l va ria ble 
cos t) s ince his fix ed cos ts vvo uld a lrea dy ha ve b een incurred a nd wo uld no t 
be increas ed. 
"Ib :d .  
